A large study of British civil servants reported that, in men with electrocardiogram ischaemia but no symptoms, vigorous habitual leisure activity might be associated with increased subsequent risk of myocardial infarction (MI). We examine this for MI and stroke in a general population of British men.
Introduction
Many reports suggest that a sedentary lifestyle is associated with increased risk of cardiovascular disease (CVD), 1 -4 but the required intensity and type of physical activity has been controversial. 5 A recent update from the American College of Sports Medicine and the American Heart Association for the general public includes an alternative recommendation based on vigorous intensity, aerobic physical activity for a minimum of three days each week. 6 Some studies suggest that vigorous or high-intensity exercise is necessary for cardioprotection. 7 -10 A recent meta-analysis of cohort studies on stroke suggest that both vigorous and moderate exercise confer significant protection against subsequent risk of stroke, although the reductions in risk are modest [RR 0.75 (95% CI 0.69, 0.82) for vigorous, and RR 0.83 (95% CI 0.76, 0.89) for moderate intensity exercise]. 11 The majority of cohort studies exclude subjects with evidence of CVD at baseline and therefore few studies have been reported which compare risk prediction in those with and without CVD at recruitment. One study, in British civil servants, suggested that subjects with asymptomatic evidence of coronary heart disease (CHD) [based on the electrocardiogram (ECG) at baseline] had an increased risk of a coronary event if moderately or vigorously active. 12 In the present report, we examine the risk of subsequent cardiovascular events in middle-aged British men, with and without epidemiological evidence of CVD at recruitment, according to their level of habitual physical activity.
Methods

Study design
The Caerphilly Collaborative Heart Disease Study began in 1979 and, during the initial recruitment phase (1979 -1983) , 2512 men aged 45-59 years were examined, representing 90% of the population of men in this age group from the town of Caerphilly and its surrounding villages (total population 40 000). 13 Since then the men have been examined at 5-year intervals. At the first re-examination between 1984 and 1988, when the men were 49 -64 years of age, men of the same age who had moved into the defined geographical area were also deemed to be eligible for the study. A total of 2398 men were recruited into the reconstructed cohort between 1984 and 1988. All men gave informed consent to participate in the study, which received ethical approval from the South Glamorgan Ethics Committee. At the baseline survey for the reconstructed cohort men were invited to attend an afternoon or evening clinic. A detailed questionnaire derived from the Minnesota leisure time physical activity (LTPA) measurement 14 was used to estimate energy expenditure in leisure time in kilocalories per day from a record of leisure activity during the preceding 12 months. A trained interviewer asked subjects about the type, frequency, and duration of their leisure activities. Light intensity activity was defined by summing those activities having intensity codes of 2.0, 2.5, 3.0, 3.5, and 4.0 (for example, walking, bowling, and sailing); moderate intensity activity was obtained by summing activities with intensity codes of 4.5, 5.0, and 5.5 (for example, golfing, digging, and dancing); and heavy intensity activity was defined by summing all activities having intensity codes 6.0 (for example, climbing stairs, swimming, tennis, and jogging). Four intensity scores characterized each subject, one for each class of intensity and one for their sum. Because the intensity code for each specific activity was based predominantly on the experience of middle-aged American men, some minor modifications were made to adapt for the leisure activity of British men in this study. The intensity codes represent metabolic equivalent tasks (METs) and were used to weigh each deviation of a particular intensity of activity. An intensity code of one is equivalent to an energy expenditure of 1 kcal/kg of body weight per hour. Total energy expenditure was derived from the summed total of individual activities. The Health Insurance Plan (HIP) questionnaire, 15 slightly modified, was used to assess physical activity at work, or previous work if unemployed or retired, by self-administration. A score from 1 (low) to 20 (high) was assigned to each subject. Job physical activity level was divided into four equally sized groups graded from low to high occupational physical activity. Individuals failing to answer one or more components of the job physical activity questionnaire were not classified (25 subjects, 1% of study sample). A detailed medical and lifestyle history were obtained, and London School of Hygiene and Tropical Medicine (LSHTM) chest pain questionnaire 16 was administered. A full 12-lead ECG was recorded, and height, weight, and blood pressure were measured. Subjects with epidemiological evidence of CHD or stroke at recruitment included the following categories: (1) subjects with a clinical history of myocardial infarction (MI); (2) subjects with evidence of exertional angina from the LSHTM chest pain questionnaire; (3) subjects with ECG evidence of ischaemia as defined elsewhere from selected Minnesota codes 16 (major and minor Q waves, ST and T wave changes, and left bundle-branch block); (4) subjects with a history of stroke. Subjects were classified as symptomatic if there had been a clinical history of MI, exertional angina, or a history of stroke, and asymptomatic if there was ECG evidence of ischaemia, but no clinical history of MI or exertional angina.
Outcome variables
The core outcome measures in this study were CHD (fatal and nonfatal), stroke (fatal and non-fatal), or both CHD and stroke. Fatal events: all men were flagged with the National Health Service Central Registry and we used death certificates coded to the ninth revision of the International Classification of Diseases (ICD-9 codes 410 -414 for CHD; ICD-9 codes 430-438 for stroke) as our definition of fatal CHD or stroke. Non-fatal events: The LSHTM chest pain questionnaire 16 was extended to include questions about hospitalization for severe chest pain. This, together with Hospital Activity Analysis notification of admissions coded to ICD-9 codes 410-414 for CHD, and ICD-9 codes 430 -438 for stroke were used as the basis for a detailed search of hospital notes. Patient records were searched for events which met the standard World Health Organization criteria for definite acute MI 17 (serial ECG changes, chest pain, or enzyme elevation) and were also used to obtain clinical validation of non-fatal stroke events, as described elsewhere. 13 In this paper, we have used the term 'incident event' to describe cardiovascular events during the follow-up period. While this is equivalent to a first clinical event in subjects without evidence of CHD or prior stroke at baseline or in subjects with asymptomatic CHD, in subjects with symptomatic history of CHD or prior stroke incident events may be either the first clinical or recurrent events.
Statistical methods
Total, light, moderate, and heavy leisure activity showed positive skew in their distributions and so were summarized using median and inter-quartile range and compared between groups using the non-parametric Kruskal -Wallis test. For subsequent analysis, these variables were each divided by tertiles into equal-sized thirds.
Other group characteristics were compared using one-way analysis of variance, the Kruskal -Wallis test or the chi-squared test, as appropriate. The analysis of endpoints was performed using survival analysis techniques with time to occurrence of MI, stroke, or the first of either event as the dependent variable. Follow-up ended on 31 December 2000 at which time follow-up on any patient not having an event was censored. Follow-up for MI ceased if a subject had a stroke and vice versa. Initially, rates were calculated by dividing number of events by person-years. Kaplan -Meier plots were also used to illustrate cumulative event rates by subgroup. The Cox proportional hazards model using time to first event was then fitted to the data assuming that each step up the three-point activity scale was associated with the same increase in the logarithm of the hazard rate, and resulting tests for linear trend over increasing thirds of activity are reported. Results are presented as the hazard ratio in each third of leisure time activity relative to the lowest third. Other patient characteristics were included in the Cox model as covariates. Tests for departure from linear trend and for failure of the hazard proportionality assumption were also performed. All statistical analysis was conducted using SPSS version 14 (SPSS Inc., Chicago, IL, USA) and Stata release 8 (StataCorp., College Station, TX, USA).
Results
A total of 2398 subjects aged 49 -64 years were recruited into the cohort between 1984 and 1988. Of the total cohort at the baseline examination, 736 men were considered to have evidence of CHD as defined in the methods section, 39 men gave a history of having had a stroke, and 25 men had suffered from both CHD and stroke. By an average of 12 years follow-up, 398 (16.6%) subjects had one or more MI, 181 (7.5%) had one or more stroke, and 39 (1.6%) sustained both MI and stroke. All non-fatal cardiovascular events were validated from hospital records and fatal events obtained from death certification, with additional information from postmortem examination, when available. The majority of non-fatal Physical activity and myocardial infarction and stroke strokes were ischaemic in nature, but 13 haemorrhagic strokes were included in the totals. Baseline characteristics of the study subjects according to thirds of energy expenditure on total leisure activity are shown in Table 1 .
In this population, the average age was 57 years, 67% men were (or had been) employed in manual occupations (the study population was from a region formerly associated with coal mining and heavy industry), and 44% of men reported that they were smoking at the baseline examination. Lipid and classical risk factor levels were typical of British populations of the 1980s. Table 2 shows the distribution of energy expenditure on LTPA by the category of CVD at baseline.
For all four levels of activity intensity (light, moderate, heavy, and total), distributions and energy expenditure were skewed.
When median values were considered subjects without evidence of CHD had the highest energy expenditure, and subjects with symptomatic CHD or prior stroke had the lowest energy expenditure. Subjects with ECG evidence of ischaemia at rest, but without symptoms had intermediate levels.
The rates of incident MI, incident stroke, and MI or stroke for subjects divided into thirds of total energy expenditure on leisure time activity are shown in Table 3 . For each endpoint, men in the lowest third of energy expenditure had the highest incidence rate across the tertiles. Men in the most active group had the lowest incidence rate for MI and the test for trend obtained from a Cox model including age as a confounder is statistically significant (P ¼ 0.006). Men in the middle group had the lowest incidence rates for stroke and both MI and stroke, Table 2 Distribution and quantity of energy expenditure of physical activity during leisure by activity intensity category in subjects without any evidence of coronary heart disease (CHD) or prior stroke at baseline and in those with and without symptomatic evidence of CHD or prior stroke at baseline (kcal/day) but the test for trend was significant only for MI or stroke combined together. The data were next examined by the level of activity intensity (light, moderate, and heavy); Kaplan-Meier plots of time to first event (MI or stroke) for thirds of light, moderate, and heavy intensity activity are shown in Figure 1 . Tests for trend in Cox models, which included age as a confounder, demonstrated that only for moderate and heavy intensity exercise were there significant differences in the combined event rate between thirds of the distributions.
For thirds of heavy intensity exercise, the rate of the combined MI or stroke event was examined in subgroups of cardiovascular .......... ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ .... ..... Activity intensity data was missing for one MI incident. status at baseline (free of CHD or prior stroke, asymptomatic CHD, symptomatic CHD or prior stroke), and the results are shown in Figure 2 . The age-adjusted test for trend across thirds of heavy intensity exercise was significant for all but the asymptomatic subgroup. In each subgroup, those in the lowest third of heavy intensity exercise had the highest MI or stroke event rate. As expected, subjects with symptoms of clinical CVD at baseline showed the highest cardiovascular event rates and those free of CHD or prior stroke at entry the lowest. Asymptomatic individuals showed intermediate rates. In Table 4 , we have examined the incidence of the separate cardiovascular endpoints according to ascending thirds of heavy intensity activity in the same subgroups of CVD status at entry.
In all three subgroups, there was evidence of a gradient in the incidence of MI according to the amount of heavy intensity activity, but this was not present for stroke.
Previous analyses have not been adjusted for potential confounders other than age, and Table 5 shows the hazard ratios for highest compared with the lowest third of energy expenditure for both heavy and moderate intensity exercise after adjustment for age and other relevant confounders, those unlikely to be themselves modified by physical activity. A reduced risk of MI is evident for heavy intensity exercise in each of the three subgroups defined by cardiovascular status at entry. The results for the stroke endpoint are less consistent and the 95% confidence intervals reflect the smaller number of stroke events.
Discussion
The findings of this study suggest that among middle-aged men, total LTPA was associated with a reduction in the risk of incident MI after age adjustment. Moreover, heavy intensity activity is inversely associated with incident MI even after adjustment for potential confounders and stratification for evidence of CHD or prior stroke at baseline. There was evidence of an inverse trend for both asymptomatic CHD and for symptomatic CHD or prior stroke at baseline, although the trend was significant only for incident MI and not for incident stroke. In the present study, therefore, we found no evidence for the suggestion reported elsewhere 12 that men with asymptomatic evidence of CHD were at greater risk of subsequent CHD if engaged in habitual vigorous physical activity. However, the data for stroke suggest that further research would be helpful in this area. Clinical experience suggests, however, that non-habitual vigorous activity is commonly a trigger for MI, and the UK public health recommendation, for middle-aged men and women therefore advises that increases in levels of intensity of exercise (from moderate to vigorous) should be undertaken gradually. 18 In this study, however, subjects free of CVD at entry performed a larger amount of high-intensity activity than was the case for those with symptoms of CVD, who may have been limited by such symptoms. Those with asymptomatic disease had intermediate levels of vigorous physical activity but may have been restricted by non-cardiovascular morbidity, which we could not examine in this study. The majority of epidemiological studies on the association of physical activity on subsequent CHD and stroke have been conducted among healthy men and women, 7, 19, 20 Physical activity and myocardial infarction and stroke include subjects with asymptomatic or established CVD, but such studies have also shown considerable attenuation of the contribution of physical activity following adjustment for potential confounders. 12 Standardization of potential confounders would be helpful in future epidemiological studies or systematic reviews. In the present report, asymptomatic individuals with evidence of CVD may not be under routine medical supervision, but symptomatic individuals are likely to be under routine care at least from a primary-care physician. The findings in this study support the recommendations from Europe 21 and from USA, 22 and from systematic reviews 23 of exercise programmes for patients with established CVD. However, the data may suggest that further research on the risk of stroke in relation to physical activity should be conducted in subjects with established or asymptomatic CVD.
